In order to select eligible strains as starter cultures for the production of pickles and other fermented vegetable products, the technological characterization of the 75 lactic acid bacteria (LAB) strains was performed on the basis of salt tolerance, growth at different pH values, acid production ability, enzymatic profile and biogenic amine production. The technological characterization revealed that, among the tested LAB species (Lactobacillus plantarum, L. brevis, L. buchneri, L. namurensis, L. parabrevis, Pediococcus ethanolidurans, P. parvulus and Enterococcus casseliflavus), L. plantarum species showed the most suitable characteristics. The investigated L. plantarum strains, except for one strain (MF219), could be considered as potential starter cultures because of their desirable properties of having high rate and extent of acidification, high tolerance to pH 4.0 and 10% NaCl, and non-production of biogenic amines. It was also important to note that the tested P. ethanolidurans strains showed high salt tolerance and acid production. Most of the tested strains shared similar enzymatic characteristics including absence of proteolytic and lypolitic activities, and presence of peptidase, glucosidase and galactosidase activities. Keywords: Lactic acid bacteria, autochthonous, pickle, starter culture, technological property, enzymatic profile 
INTRODUCTION
Pickles refer, in the most general sense, to any vegetable or fruit that is stabilised with salt and lactic acid produced by lactic acid bacteria (LAB) (Hutkins, 2006; Çon and Karasu, 2009 ). Cucumbers, cabbages, green peppers, green tomatoes and carrots are the most common vegetables used for pickling in Turkey (Çetin, 2011; Kabak and Dobson, 2011) . These plantbased substrates harbor not only LAB responsible for lactic fermentation, but also undesirable microbial communities that could cause several technological problems and product defects such as bloating, floating and softening (Hutkins, 2006; Wouters et al., 2013b) . However, the harsh conditions of pickle environment, typically characterized by high concentrations of salt and organic acids and low pH (less than 4.5), are inhibitory to coliforms, pseudomonads, bacilli, clostridia, and other non-lactic acid bacteria, while favourable for lactic acid bacteria (Hutkins, 2006) .
The manufacture of pickles still relies on a system of small and medium enterprises, with uncontrolled fermentation. The fermentation of pickles, in contrast to meat and dairy products, is a natural and spontaneous process that occurs on the raw material by the indigenous lactic flora (Hutkins, 2006; Bağder Elmacı et al., 2015) . However, spontaneous fermentation can lead to variations in the sensory quality, the safety, and the stability of the final product, since the indigenous LAB flora varies depending on the quality of the raw material, temperature and harvesting conditions (Gardner et al., 2001; Bevilacqua et al., 2010) . The main obstacles with regard to the application of starter cultures in fermented vegetables and fruits are the natural microbial succession that occurs during the course of fermentation and the inability to inactivate endogenous microbiota by pasteurization without causing adverse effects to the product texture (Josephsen and Jespersen, 2004; Wouters et al., 2013a,b) . Nevertheless, the use of starter cultures for the production of fermented pickles is becoming increasingly necessary to ensure safety and to standardize product properties (Bonomo et al., 2008; Essid et al., 2009 ). It will also be of great interest if the appropriate starter cultures are selected from indigenous LAB of traditional pickles, since these strains are more competitive and well adapted to stressful conditions of the pickle, in comparison with industrial bulk starters, often from various origins. In addition, because of their high metabolic capacities, they can beneficially affect product quality and safety, preserving the typical sensory quality of traditional fermented product (Bonomo et al., 2008; Beganović et al., 2014) .
The selection of starter cultures for use in controlled fermentation of vegetables is based on several criteria, including minimum nutritional requirements, ability to grow at low temperatures, ability to ferment diverse carbohydrate substrates, ability to compete against wide array of organisms, ability to produce desirable flavor, rapid growth and acid production, tolerance to acids, low pH, salt and antimicrobial phenolics, resistance to bacteriophage, lack of pectinolytic activity, inability to produce dextrans or other polysaccharides and biogenic amines and minimum loss of viability during storage (Hutkins, 2006) .
In Turkey, the use of starter culture in the production of pickles is not a common practice. In addition, only a few studies have attempted to study the selection of appropriate starter cultures for pickle fermentation (e.g., Çon and Karasu, 2009; Karasu et al., 2010) . In our recent study (Bağder Elmacı et al., 2015) , we isolated and identified 152 LAB strains from fermented pickles produced in Çubuk region of Ankara, Turkey. Seventy five of these, which were selected based on their growth ability in MRS broth, were evaluated for some important technological traits, including growth at different salt concentrations and pH values, the rate and extent of acid production, enzymatic profile and biogenic amine production. In this way, it was aimed to select autochthonous LAB strains that can be potential candidates as starter cultures in the manufacture of pickles and other fermented vegetable products.
MATERIAL AND METHODS

Bacterial strains
Seventy five indigenous LAB strains isolated from pickles produced in Ankara-Çubuk region were used in this study. The tested strains included 26 L. plantarum, 10 L. brevis, 6 L. buchneri, 2 L. namurensis, 1 L. parabrevis, 24 P. ethanolidurans, 5 P. parvulus and 1 E. casseliflavus strains which were previously identified by molecular methods, and maintained in the Culture Collection of the Food Engineering Department of Ankara University. The GenBank accession numbers for the 16S rRNA gene sequences of the strains were reported previously (Bağder Elmacı et al., 2015) .
Growth at different salt concentrations
The LAB strains were cultured in MRS broth at 30 °C for 24 h. Aliquots of the culture broth (5 µL) were then inoculated into 5 mL of MRS broth containing 0%, 3%, 6.5%, 10% or 12% NaCl. After 1 week of incubation at 30 °C, bacterial growth was evaluated as absorbance values at 600 nm by using a spectrophotometer (UV-1208 Shimadzu, Japan). The spectrophotometer was set to zero by using uninoculated MRS broth (Chao et al., 2009 ).
Growth at different pH values
Five milliliter aliquots of MRS broth adjusted to pH values of 2.0, 3.0, 4.0, 5.0, 6.5 or 9.6 by the addition of 2 N NaOH or 2 N HCl were inoculated with active LAB cultures at an inoculum size of 0.1% (v/v) . After incubation at 30 °C for 48 h, bacterial growth was evaluated as absorbance values at 600 nm (Vinderola and Reinheimer, 2003) .
The rate and extent of acid production Ten milliliter aliquots of MRS broth were inoculated with active LAB cultures at an inoculum size of 0.1% (v/v). The culture tubes were incubated at 30 °C, and the acid production was determined by measuring the titratable acidity on the 24 th and 48 th hour of incubation. The titratable acidity, expressed as g lactic acid/100 mL, was calculated by titrating the culture broth with 0.01 N NaOH with 0.1% (w/v) phenolphthalein as the indicator.
Enzymatic profile
The enzymatic profile of LAB strains were assayed using commercial API-ZYM galleries (BioMérieux, France) following the manufacturer's instructions.
Production of biogenic amines
Production of biogenic amines from histidine, lysine and tyrosine was assessed by the improved medium described by Bover-Cid and Holzapfel (1999) . The result was considered as positive for biogenic amine production if the colour of the medium changed from yellow to purple-violet.
Statistical analyses
All experiments were conducted in two biological replicates, each with two technical replicates. Experimental data were analysed with one-or two-way ANOVA using the Minitab statistical software, version 14 (Minitab Inc., State College, PA, USA). Statistical differences among means were determined by the Duncan's multiple range tests at the 5% significance level.
RESULTS AND DISCUSSION
Growth at different salt concentrations During vegetable fermentations, one of the important stress conditions to which LAB are exposed is high salt concentrations, and therefore high osmotic pressures (Hutkins, 2006) . The salt concentration is a major environmental factor which influences the type and numbers of microorganisms carrying out the fermentation (Daeschel and Fleming, 1984; Reina et al., 2005) . In cabbage fermentations where low salt (approximately 2% NaCl) is prevalent, the fermentation is initiated by heterofermentative LAB such as Leuconostoc or Weisella spp., and followed by homofermentors. High salt concentration, which is typical for cucumber and olive fermentations (6% or greater NaCl), favors the growth of homofermentative LAB such as L. plantarum (Reina et al., 2005) . Table 1 shows the results for the growth at different NaCl concentrations (0%, 3%, 6.5%, 10% and 12%). Within each data set referred to each LAB species, there were significant two-way interactions between LAB strains and salt concentration for OD600 values (P <0.05). Almost all tested strains were able to grow in the presence of 3% and 6.5% NaCl, with the exception of a few strains of E. casseliflavus and L. buchneri which were sensitive to 6.5% NaCl. Most E. casseliflavus, L. brevis, L. buchneri, L. namurensis, L. parabrevis and P. parvulus strains tested showed weak or no growth at 10% NaCl whereas L. plantarum and P. ethanolidurans strains were able to maintain growth to different extent. In accordance with the present results, Seseña et al. (2005) reported that L. plantarum and L. pentosus strains obtained from brines of spontaneous fermentation of "Almagro" eggplants showed higher resistance to salt compared to L. brevis and L. fermentum strains. Similarly, Papamanoli et al. (2003) reported that L. plantarum strains which were isolated from naturally fermented dry sausages could grow at 6.5-10% NaCl. On the other hand, Karasu et al. (2010) showed that L. plantarum strains isolated from traditionally produced fermented vegetables tolerated up to 8% NaCl. The highest salt concentration tested (12%) exerted a strong effect on LAB strains, as most of the tested strains were completely or significantly inhibited. Among P. ethanolidurans strains, resistance to 12% NaCl was significantly higher (P <0.05) in strains MF11, MF196, MF167, MF48 and MF194, with OD600 values greater than 0.100. For all LAB species tested, the salt tolerance appeared as a straindependent property, as it varied significantly among strains within the same species. This suggestion is in agreement with the previous studies (Papamanoli et al., 2003; Benito et al., 2007) . However, at the species level, the majority of L. plantarum and P. ethanolidurans strains showed higher resistance to salt in comparison with E. casseliflavus, L. brevis, L. buchneri, L. namurensis, L. parabrevis and P. parvulus strains. Table 2 represents the ability of the LAB strains to grow at pH values ranging between 2.0 and 9.6 after 48 h of incubation. Within each set of 8 LAB species, there was a significant two-way interaction for OD600 values of growth due to LAB strains and pH values (P <0.05). Apart from a few L. plantarum strains showing scanty growth, most of the strains could not tolerate the lowest pH values tested, 2.0 and 3.0. Concerning the growth at pH 4.0, almost all tested strains showed varying levels of growth. In particular, L. plantarum strains appeared to be the most resistant to acidic conditions, with OD600 values ranging from 1.266 to 1.916 at pH 4.0. The high acid tolerance of the tested L. plantarum strains makes them promising candidates as starter cultures for the production of pickles where the pH varies between 3.1 and 3.5 (Di Cagno et al., 2013) . The tolerance of this species to acidic environment is attributed to their ability to maintain pH homeostasis at low external pH. Therefore, L. plantarum usually predominates at the end of most vegetable fermentations (Mcdonald et al., 1990; Mäkimattila et al., 2011) . The highest growth was observed at pH 5.0 and 6.5 for all tested strains of each species, with the exception of two strains (E. casseliflavus MF535, L. namurensis MF275). With a few rare exceptions (E. casseliflavus MF535, L. namurensis MF275), the tested LAB strains were not able to grow at pH 9.6. In addition, a few L. plantarum strains showed scanty growth at pH 9.6, with OD600 values lower than 0.100. The ability to grow at pH 9.6 is one of the tolerance tests used for the identification of LAB species. In accordance with our results, it is known that Enterococcus can grow at pH 9.6, whereas Lactobacillus and Pediococcus cannot (Axelsson, 2004) . From the technological point of view, the ability to grow at extreme alkaline pH (~10) could also be an important selection criteria for the LAB strains intended for use in table olives, since this pH can be found in olive brines throughout the lye treatment or in the first fermentation phase (Bevilacqua et al., 2010; Heperkan, 2013 Values with different lower case letters within a row indicate significant differences between NaCl concentrations (P <0.05). Spc: Species, E. ca: E. casseliflavus, L. br: L. brevis, L. bu: L. buchneri, L. na: L. namurensis, L. pa: L. parabrevis, L. pl: L. plantarum, P. et: P. ethanolidurans, P. pa: P. parvulus The rate and extent of acid production Rapid acid production by lactic acid bacteria is one of the primary criterion in the selection of starter cultures used for vegetable fermentation technology (Çon and Karasu, 2009 ), as that is essential for lowering of pH and, thus, inhibiting the growth undesirable bacteria during the initial stage of fermentation (Daeschel and Fleming, 1984) . As shown in Table 3 , there were significant differences (P <0.05) between the strains of each LAB species with respect to both the rate of acidification, taken as the total acid production after 24 h, and the extent of acidification, taken as the total acid production after 48 h. The only exception was that no significant differences (P >0.05) were found between L. buchneri strains with respect to the extent of acidification. On the basis of acid production, the LAB strains were classified into three groups: fast (>0.6% acidity), moderate (0.5-0.6% acidity) and slow acidifiers (<0.5% acidity). Only the strains of L. plantarum (except for strain MF219) showed fast acidifying activity after 24 h of incubation in MRS broth, whereas the other strains ascribed to the species P. ethanolidurans, P. parvulus, L. brevis, L. buchneri, L. parabrevis, L. namurensis and E. casseliflavus were characterized as slow acid producers. The acidification developed by strains of L. plantarum, P. ethanolidurans, P. parvulus and L. brevis was higher than that produced by the strains of E. casseliflavus, L. parabrevis, L. buchneri and L. namurensis after 48 h of incubation. Although P. ethanolidurans and P. parvulus strains produced low amount of lactic acid after 24 h of incubation, the acid production was enhanced after 48 h, and the final acidity was similar to that of L. plantarum. This kind of behaviour was also observed in LAB strains isolated from cheese (Aquilanti et al., 2007) . Consequently, twenty-five L. plantarum strains with the highest rate and extent of acid production revealed to be suitable as starter culture for fermented vegetable products. 
Growth at different pH values
Production of biogenic amines
Biogenic amines are organic, basic, nitrogenous compounds which occur in a wide range of foods, including sauerkraut, fishery products, cheese, wine, beer, dry sausages and other fermented fruits and vegetables (Tamang et al., 2009; Spano et al., 2010; Sonar and Halami, 2014) . In fermented foods, these compounds are mainly formed by decarboxylation of the corresponding amino acids through substrate specific enzymes of the microorganisms present in foods (Belgacem et al., 2010) . The biogenic amines commonly found in fermented vegetables (e.g. sauerkraut, kimchi, and fermented olives) include histamine (from histidine), tyramine (from tyrosine), cadaverine (from lysine) and putrescine (from arginine) (Hutkins, 2006) .
The production of biogenic amines is an undesirable trait for LAB strains to be selected as starter cultures (Buckenhüskes, 1993) since the consumption of foods containing large amounts of biogenic amines may cause toxicological problems (Spano et al., 2010 ). None of the tested strains showed biogenic amine production from histidine, lysine or tyrosine in the method applied. These results support the data that LAB of vegetable origin have weak capability to decarboxylate aminoacids, as reported by Daeschel et al. (1987) . Similarly, the disability to produce biogenic amines was also observed previously for Lactobacillus strains isolated from fermented vegetables (Seseña et al., 2005; Tamang et al., 2009; Bevilacqua et al., 2010) . As a result, the inability of LAB strains from the fermented pickles to produce biogenic amines is a good indication of their potential for the possible development as starter culture. However, it is important to point out that the non-production of biogenic amines by LAB strains needs to be confirmed by qualitative and quantitative analysis of biogenic amines in the fermented vegetable products, rather than in synthetic medium. Values with different capital letters within a column indicate significant differences between LAB strains (P <0.05). Spc: Species, E. ca: E. casseliflavus, L. br: L. brevis, L. bu: L. buchneri, L. na: L. namurensis, L. pa: L. parabrevis, L. pl: L. plantarum, P. et: P. ethanolidurans, P. pa: P. parvulus 
Enzymatic profile
The enzymatic activities of the LAB strains, as evaluated by the semiquantitative API-ZYM system, are shown in Table 4 . High or at least intermediate leucine and valine aminopeptidase activities were observed for all tested strains except for E. casseliflavus MF535, which showed no activity. However, cystine aminopeptidase activity was low or absent. Only two strains of P. ethanolidurans (MF136, MF229) showed definite cystine aminopeptidase activity (around 20 nanomole hydrolyzed substrate). Similar results with regard to aminopeptidase activities were also observed by Boulares et al. (2012) for L. plantarum, L. paracasei and L. brevis. The tested strains showed higher peptidase activities than proteinases (trypsin, chymotripsin), as also reported by other authors (Georgieva et al., 2009; Tamang et al., 2009; Boulares et al., 2012; Taboada et al., 2014) . Lipolytic activities of esterase (C4), esterase lipase (C8) and lipase (C14) were weak or absent, in the range of 0-2, for the majority of tested strains. In contrast, L. brevis and L. namurensis strains exhibited intermediate or high esterase activity. Our results support the evidence that Lactobacillus species are weakly lipolytic (Montel et al., 1998) . The presence of lipolytic activity is often desired, since it can improve the flavour of foods (e.g. fermented olives) through the formation of volatile compounds that can be generated by the catabolism of free fatty acids (Rodríguez-Gómez et al., 2012; Bleve et al., 2015) . The degradation of amino acids, such as leucine, isoleucine, valine, phenylalanine, methionine, into volatile molecules, such as aldehydes, alcohols and acids, plays an important role in flavour development of food products (Montel et al., 1998; Ammor et al., 2005) . However, highly proteolytic strains are not eligible starter cultures since excessive proteolysis may lead to uncontrolled production of bitter peptides and other undesirable compounds, or may result in an over-soft final product (Zeng et al., 2014) . Overall, the absence of proteinases (trypsin and chymotrypsin) and presence of strong peptidase (leucine-, valine-, and cystinearylamidase) and esterase-lipase (C4 and C8) activities produced by the LAB strains are desirable properties for their use in the production of typical flavour (Thapa et al., 2006; Dewan and Tamang, 2007; Tamang et al., 2009) . Tamang et al. (2009) reported that high phosphatase activity of LAB strains showed their possible role in phytic acid degradation in fermented vegetables. In this study, acid phosphatase and phosphohydrolase activities were shown for most strains whereas weak alkaline phosphatase activities were detected in some strains, as similarly reported by Papamanoli et al. (2003) for L. plantarum and Taboada et al. (2014) for pediococci. Corroborating with the results of Taboada et al. (2014) , β-galactosidase activities of the tested lactobacilli (particularly L. brevis and L. buchneri) were generally higher than in pediococci. α-galactosidase activity was generally absent or low in the tested strains, apart from some strains of L. brevis, L. buchneri and L. plantarum. With a few rare exceptions (E. casseliflavus MF535, L. namurensis strains, a few strains of P. ethanolidurans), the tested LAB strains exhibited α-glucosidase activity, albeit to different extent. Similar results were also observed for the β-glucosidase activities. With regard to β-glucoaminidase, the most significant activity was observed for L. plantarum, followed by P. ethanolidurans. Most of the tested strains did not show β-glucoronidase, α-fucosidase and α-mannosidase activities, with the exception of L. buchneri MF12 with high β-glucoronidase activity, as well as a few strains of L. brevis with moderate β-glucoronidase acitivity. The presence of the enzyme activities correlated with carbohydrate catabolism such as glucosidase and galactosidase is of vital importance for strains with proper utilization of sugars found in foods (Belgacem et al., 2010) . The high glucosidase and galactosidase activities, and low activities toward other carbon sources (mannose, fructose and glucuronides) suggest that most of the tested LAB strains prefer glucose and lactose as their carbon and energy sources. In addition, the high β-galactosidase activity of LAB strains makes them suitable as starter cultures for food products intended to be used for lactose intolerant people. Table 4 Enzymatic profiles of LAB strains isolated from pickles using API-zym system Species Strain no. ; 6: leucine aminopeptidase; 7: valine aminopeptidase; 8: cystine aminopeptidase; 9: trypsin; 10: a-chymotrypsin; 11: acid phophatase; 12: naphthol-As-Bi-phophohydrolase; 13: α-galactosidase; 14: β-galactosidase; 15: β-glucuronidase; 16: α-glucosidase; 17: β-glucosidase; 18: N-acetyl-β-glucosaminidase; 19: α-mannosidase; 20: α-fucosidase. 0: no activity, 1: low activity, 2-3: intermediate activity, 4-5: high activity E. ca: E. casseliflavus, L. br: L. brevis, L. bu: L. buchneri, L. na: L. namurensis, L. pa: L. parabrevis, L. pl: L. plantarum, P. et: P. ethanolidurans, P. pa: P. parvulus CONCLUSIONS Although significant intra-species differences in the primary technological characteristics within each set of 8 LAB species (L. plantarum, L. brevis, L. buchneri, L. namurensis, L. parabrevis, P. ethanolidurans, P. parvulus and E. casseliflavus) , L. plantarum species were apparently distinguished by their high acidification rate, tolerance to low pH and salt. The investigated L. plantarum strains, except for one strain (MF219), could be considered as potential starter cultures because of their desirable properties of having a high rate and extent of acidification, high tolerance to pH 4.0 and 10% NaCl, and non-production of biogenic amines. In addition, the tested strains of P. ethanolidurans could also be considered as promising strains due to their high salt tolerance and acid production. With respect to enzymatic activities, most of the tested strains shared similar characteristics including absence of proteolytic and lypolitic activities, and presence of peptidase, glucosidase and galactosidase activities. Consequently, further studies with the selected 25 L. plantarum strains, either alone or in combination, should be carried out in model fermentation systems in order to assess their effectiveness as starter cultures for pickles and other fermented vegetable products. This work was a preliminary study in the development of autochthonous starter cultures in order to standardize the manufacture of pickles, to preserve their typical sensory characteristics and to improve the quality of final product.
